Aims/hypothesis The aim of this study was to evaluate the prognostic significance of autoantibodies to IA-2β (IA2βA) in a large, well-characterised population of islet cell antibody (ICA)-positive relatives followed for 5 years in the European Nicotinamide Diabetes Intervention Trial. Methods Autoantibodies to insulin (IAA), glutamate decarboxylase (GADA) and IA-2 (IA2A) were measured in 549 participants at study entry, and IA2A-positive samples tested for IA2βA. First-phase insulin response (FPIR) and oral glucose tolerance were determined at baseline. Results Of 212 ICA/IA2A-positive participants (median age 12.1 years; 57% male), 113 developed diabetes (5 year cumulative risk 56%), and 148 were also GADA-positive and IAA-positive (4Ab-positive). IA2βA were detected in 137 (65%) ICA/IA2A-positive participants and were associated with an increased 5 year diabetes risk (IA2βA-positive 65 vs 39% in IA2βA-negative, p=0.0002). The effect was most marked in 4Ab-positive relatives (72% vs 52%, p=0.003). Metabolic testing further refined risk assessment. Among 101 4Ab-positive relatives with IA2βA, the 5 year risk was 94% in those with a low FPIR (vs 50% in those with a normal FPIR, p<0.0001), and 95% in those with impaired glucose tolerance (IGT) (vs 66% in those with normal glucose tolerance, p<0.0001). The median time to diagnosis of 4Ab/IA2βA-positive participants with a low FPIR was 1.5 years. Multivariate analysis confirmed IA2βA status, antibody number, young age, FPIR and IGT as independent determinants of risk. Conclusions/interpretation IA2βA are associated with a very high risk of diabetes in ICA/IA2A-positive relatives. Testing for IA2A/IA2βA compares favourably with the IVGTT in identifying a subgroup of autoantibody-positive relatives at increased risk. IA2βA determination should be added to screening protocols of future intervention trials.
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Keywords First-phase insulin response . IA-2β . Islet autoantibodies . Prediction . Type [1] . The best established markers of progression are islet cell antibodies (ICA) and autoantibodies to insulin (IAA), the 65 kDa isoform of glutamate decarboxylase (GADA) and the protein tyrosine phosphatase-like antigen IA-2 (IA2A), and diabetes risk is related to the magnitude and maturity of these autoantibody responses [1] [2] [3] [4] [5] [6] . IA2A have been associated with a high risk of progression [3] , and smaller studies suggest that spreading of the IA-2 antibody response to include the homologue protein IA-2β identifies a subgroup of relatives at particularly high risk of rapid development of diabetes [1] . We therefore investigated the role of autoantibodies to IA-2β (IA2βA) in determining risk of progression to diabetes over a 5 year period in the large, well-characterised cohort of ICA-positive first-degree relatives of patients with type 1 diabetes recruited to the European Nicotinamide Diabetes Intervention Trial (ENDIT).
Methods
The protocol and outcome of ENDIT, and the role of additional immune, genetic and metabolic markers in assessing risk have previously been published [7, 8] . Inclusion criteria were ICA ≥20 Juvenile Diabetes Foundation (JDF) units in at least one sample measured in the central laboratory, with ICA ≥5 JDF units in a second sample and a nondiabetic OGTT at baseline. The protocol was approved by the research ethics committee or equivalent in each participating centre. Participants were randomised to receive either modified-release nicotinamide or placebo for 5 years, and were reviewed at baseline, 1 and 6 months after study entry and every 6 months thereafter, with an OGTT performed every 12 months. IVGTTs and OGTTs were carried out as previously described [8] . Diabetes and impaired glucose tolerance (IGT) were defined using WHO criteria.
Islet autoantibodies GADA, IA2A and IAA were measured by radiobinding assay in the baseline samples of all 549 ENDIT participants, and considered positive if ≥97.5th percentile of 2,860 schoolchildren [2] . IA2βA were measured in IA2A-positive samples by radiobinding assay using [ Statistical analysis We compared continuous variables by the Mann-Whitney U test and frequencies between groups by Fisher's exact test, and used Spearman's test to determine correlations. The Kaplan-Meier method was used for time-to-event survival analysis, comparing survival between groups by log-rank test. The follow-up period for each individual was calculated from the date of the baseline visit to the date of last contact or date of diagnosis of diabetes. We used Cox proportional hazards models to analyse the time-to-event outcome for individual and combined predictive markers, controlling for treatment group. The regression model included age at study entry, IA2A titre and number of islet autoantibodies as continuous variables, and presence or absence of IA2βA, IGT and first-phase insulin response (FPIR) above or below age-adjusted 10th percentile as categorical variables. Variables found to be significant at the 5% level in univariate analysis were included in a stepwise backward multivariate regression analysis. For all analyses, a two-tailed p value of 0.05 was considered significant. All statistical analyses were performed using the Statistical Package for Social Science (SPSS 14.0, Chicago, IL, USA).
Results
Of 549 ICA-positive family members randomised in ENDIT, 229 had IA2A ≥97.5th percentile. Baseline samples for further testing were available from 212 ICA/ IA2A-positive relatives (median age 12.1 years, interquartile range [IQR] 8.4-18.1; 57% male). Of these, 113 (53%) progressed to diabetes over a median follow-up time of 2.1 years (IQR 1.0-3.3). The 5 year cumulative risk of diabetes in the IA2A-positive relatives was 56% (95% CI 49-63) (Fig. 1a) .
Of the 212 IA2A-positive relatives, 137 (65%) were also IA2βA-positive. IA2βA were found in 136 of 203 (67%) relatives who had IAA and/or GADA in addition to ICA and IA2A, and one of nine (11%) relatives who were positive for ICA and IA2A only (p=0.001). The median age of IA2βA-positive relatives was 11.6 years (IQR 8.0-16.3), compared with 13.2 years (10.0-23.7) in IA2βA-negative relatives (p=0.01). IA2βA titres were positively correlated with IA2A titre (r=0.358, p<0.0001), and inversely correlated with age (r=-0.223, p=0.009). Among IA2A-positive relatives, IA2βA were strongly associated with HLA-DQ8 (p=0.001) (data not shown).
The 5 year cumulative risk of diabetes in IA2βA-positive relatives was 65% (95% CI 57-73), compared with 39% (95% CI 28-50) in IA2βA-negative relatives (p= 0.0002; Fig. 1b) . Risk in IA2βA-positive relatives could be refined by additional metabolic testing ( Fig. 1c and 1d ; Table 1 ). The impact of IA2βA on risk was most marked in relatives positive for all of the four other antibodies tested. Among 101 relatives with IA2βA in addition to ICA, GADA, IA2A and IAA, the overall risk of diabetes within 5 years was 72% (95% CI 63-81), and this increased to 94% (95% CI 86-100) and 95% (95% CI 86-100) in those with low FPIR and IGT, respectively (Table 1) .
Univariate analysis showed that risk varied with IA2βA status, number of additional islet autoantibodies, age, IA2A titre, 120 min glucose in the OGTT, and FPIR. Independent determinants of risk were loss of FPIR (hazard ratio [HR] 3.1, 95% CI 2.0-4.7, p<0.0001), presence of IGT (HR 2.8, 95% CI 1.7-4.6, p=0.0001), IA2βA status (HR 2.1, 95% CI 1.3-3.4, p=0.001), number of additional antibodies (HR 1.9, 95% CI 1.1-3.1, p=0.01), and age (HR 0.965, 95% CI 0.933-0.997, p=0.02), but not IA2A titre.
Of all ENDIT participants who developed diabetes, 79% were IA2A-positive and 59% were positive for both IA2A and IA2βA.
Discussion
Diabetes risk in islet autoantibody-positive relatives is reflected by the breadth of the autoantibody response and the target antigens involved [1, 3, 4, 8] . We have shown that autoantibodies to the IA-2β antigen detected at study entry were associated with very high diabetes risk, and that testing of IA2βA in ICA/IA2A-positive relatives could further stratify their risk. IA2βA were particularly effective in identifying relatives who progressed to disease among those with ICA plus three additional biochemical autoantibodies (IA2A, IAA and GADA). Moreover, IA2βA compared favourably with the IVGTT in identifying individuals at high risk and achieved similar sensitivity [8] , while combining IA2βA determination and IVGTT with standard antibody testing allowed identification of relatives with >90% 5 year risk.
The strengths of this study are the large number of wellcharacterised islet autoantibody-positive relatives in our cohort, the completeness of follow-up (88% of participants), and the broad inclusion criteria used in ENDIT. A limitation is that the participants were pre-selected on the basis of confirmed high-titre ICA, which are not likely to be used to select participants for future intervention trials, and absolute risks may not reflect those in populations with lower overall risk. Participants were also selected for IA2A positivity, on the assumption that diabetes-relevant IA2βA are found only in the presence of IA2A. We are not therefore able to assess the impact of IA2βA in ICAnegative individuals or ICA-positive relatives who do not have IA2A. Further studies are required to determine whether our assumption that IA2βA testing is only necessary in IA2A-positive relatives is valid, and whether it is essential to measure the four other autoantibodies as well as IA2βA. Furthermore, the small number of relatives in this study with only two antibody markers (ICA and IA2A) means that we did not have adequate power to evaluate the additional benefit of IA2βA testing in this subgroup.
Other studies have used antibody screening and IVGTT for risk assessment in relatives [10] . We have previously suggested alternative strategies based on islet autoantibody characteristics such as titre, epitope and IgG subclass binding, and antibody affinity that could stratify diabetes risk from <10% up to >90% in smaller cohorts of relatives [1, 5, 6] . However, some of these models are labour intensive and not in general use. In contrast, IA2βA are relatively easy to measure and have recently been evaluated in an international workshop by the Diabetes Antibody Standarisation Program (DASP). When added to IA2A, IA2βA identified 53% of all ENDIT participants who progressed to diabetes, with an associated 5 year risk of 65% on the basis of testing a single sample. In comparison, a low FPIR at baseline, a more demanding and costly test, conferred a 55% 5 year risk and identified 57% of future cases [8] . Risks further increased to 72% in those IA2βA-positive relatives with four additional antibodies (65% of cases), and to 94% if FPIR was also low (at least 26% of cases).
In summary, several strategies can be used to stage pretype 1 diabetes in antibody-positive relatives. IA2βA testing of a single sample offers a promising and flexible method of identifying those at high risk of relatively rapid progression to disease that also picks up a large proportion of future patients. Depending on the level of risk required for inclusion in a trial, a potential strategy might be to perform initial screening for IA2A (Fig. 1a) , followed by measurement of IA2βA in those who are IA2A-positive (Fig. 1b), with IVGTT (Fig. 1c) or OGTT (Fig. 1d) used to identify the subgroup of IA2βA-positive relatives with the highest risk of rapid progression. Strategies based on IA2βA plus a small number of additional markers therefore provide the basis for relatively simple but highly effective identification of relatives at highest risk, and IA2βA should be included in the screening protocols for future type 1 diabetes intervention trials.
